Background: Sacroiliac joint (SIJ) fusion (SIJF), first performed 95 years ago, has become an increasingly accepted surgical option for chronic SIJ dysfunction. Few studies have reported intermediate-or long-term outcomes after SIJF. Objective: The objective of this study is to determine patient-based outcomes after SIJF for chronic SIJ dysfunction due to degenerative sacroiliitis or SIJ disruption at ≥3 years of follow-up. Methods: Consecutive patients who underwent SIJF prior to December 2012 were contacted over phone or through email. Participants completed questionnaires in clinic, over phone or by email, regarding SIJ pain, activities related to SIJ dysfunction, and the Oswestry Disability Index. Charts were reviewed to extract baseline parameters and the clinical course of follow-up. Results: One hundred seven patients were eligible and participated in this study. Mean (standard deviation) preoperative SIJ pain score was 7.5 (1.7). At mean follow-up of 3.7 years, the mean SIJ pain score was 2.6 (representing a 4.8-point improvement from baseline, P<0.0001) and the mean Oswestry Disability Index was 28.2. The ability to perform activities commonly impaired by SIJ dysfunction showed positive improvements in most patients. SIJ revision surgery was uncommon (five patients, 4.7%). Fourteen patients (13.1%) underwent contralateral SIJF during follow-up, 25.2% of patients had additional non-SIJ-related lumbar spine or hip surgeries during follow-up.
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Sachs et al demonstrated to have both mechanoreceptors 5 and nociceptive receptors. 6 It has a rather complex innervation, with contribution from lateral branches of multiple lumbosacral nerve roots. Pressurization of the SIJ in healthy volunteers can elicit pain 7 and anesthetics applied to the exiting dorsal sacral nerve roots block sensation outside of the joint but not pain elicited by joint pressurization. 8 The SIJ is thought to explain 15%-23% of all chronic low back pain. 9, 10 However, the exact prevalence is unknown, at least in part due to the lack of a universally agreed-upon diagnostic standard. The SIJ may explain an even larger proportion of pain in patients who have had prior lumbar spine fusion. 11 Being immediately below the lumbosacral junction, it falls into the spectrum of adjacent segment disease after prior lumbar arthrodesis. Radiographic findings of degeneration in the SIJ are common, 2, 12 both on CT and MRI, and are not necessarily predictive of the presence of SIJ pain. This is similar to the presence of radiographic degenerative disk disease in both cervical and lumbar spines in asymptomatic volunteers. 13 Moreover, potentially due to the nonaxial compressive forces through the SIJ, chronic SIJ dysfunction can occur in patients with ligament and/ or capsular failure. MRI and CT scan may not show classic articular cartilage deteriorations and/or degenerative patterns seen in other joints.
Acute SIJ pain is fairly common and frequently transient, with most patients requiring either observation alone or simple measures such as physical therapy, nonsteroidal anti-inflammatory drugs, sacroiliac belts, exercise, chiropractic treatment, and sacroiliac blocks. However, there is very little evidence to support the effectiveness of nonsurgical interventions for long-term treatment of chronic established debilitating SIJ pain. It is likely that pathophysiology of acute and chronic SIJ pain is quite different. Two blinded, controlled trials of radiofrequency ablation of lateral branches of sacral nerve roots have shown only short-term improvement in pain;
14,15 a 12-month follow-up study showed a modest long-term response rate following this treatment. 16 No high-quality study reporting longterm outcomes has been published. Consequently, US Medicare routinely does not reimburse for this RF ablation procedure.
SIJ fusion (SIJF) was first described in the 1920s. 17 A variety of approaches have been reported, including anterior, posterior, and lateral transiliac. SIJF thus preceded the first reports of lumbar discectomy for disk herniations by about a decade. 18 The original reports of SIJF included a number of patients with infection-related SIJ pain (including tuberculosis) and subsequent reports have included patients with arthritic conditions as well. Several single-center retrospective reports have suggested that open SIJF may be effective for the treatment of pain in this patient population. [19] [20] [21] [22] [23] [24] Regardless of the approach, open fusions of the SIJ were quite invasive and associated with long hospital stays and recovery times, high nonunion rates (9%-41%), 21, 25, 26 poor long-term results, and low levels of satisfaction. 27 They also required prolonged periods of immobilization to achieve solid arthrodesis, mostly due to lack of adequate internal fixation techniques.
In the past decade, there has been a resurgence of interest in the SIJ as the pain generator in a substantial number of patients requiring surgical interventions. Several device systems are now commercially available for minimally invasive SIJF, and the minimally invasive approach is now used in 90% of cases. 28 Most of the reported literature describe patients treated with triangular titanium implants (iFuse Implant System; SI-BONE, Inc., San Jose, CA, USA) placed via a lateral transiliac approach. The current surgical literature for this system includes single-center retrospective cohorts, [29] [30] [31] [32] [33] [34] [35] a combined multicenter analysis, 36 and three comparative studies of open and minimally invasive approaches. [37] [38] [39] A prospective randomized trial of minimally invasive SIJF vs nonsurgical management showed improved 12-month outcomes after SIJF compared with those after nonsurgical management, 40 and a single-arm multicenter trial showed similar 24-month outcomes. 41 Herein, we report intermediate-to long-term (3+ years) outcomes after SIJF.
Methods
We report a retrospective cohort study with a prospective evaluation component conducted at seven centers (each with one surgeon) in the US. The study was sponsored by the device manufacturer (SI-BONE, Inc.). The study includes patients at one center (D Sachs), which has been previously reported. 36 All centers obtained institutional review board approval prior to participation (from a commercial IRB for 6 authors and the local hospital for 1 author), and all participants signed a study-specific consent form.
Eligible patients were adults (at least of age 21 years) who underwent SIJF using the iFuse Implant System prior to December 2012, whose charts documented preoperative pain scores, and who provided consent to complete questionnaires. Unified criteria to diagnose SIJ dysfunction were not used, as this study was retrospective in nature. However, diagnosis at all sites was made on the basis of history (buttocks pain with optional radiation into the groin or upper leg), typical pain reproduced on at least three physical examination maneuvers, and a confirmatory diagnostic anesthetic block of the SIJ producing acute pain relief. 
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Three-year outcomes of SIJF Physical examination signs are predictive of a positive SIJ block, 42 and diagnostic block is recommended by multiple US specialty societies to diagnose SIJ pain. [43] [44] [45] [46] [47] SIJF for all patients was performed through a transiliac, muscle-sparing approach, as described previously (Figure 1) . 29 The triangular shape of the implant is designed to minimize rotation and maximize surface area. The porous titanium plasma spray coating allows biological fixation in bone. Patients had to be willing to complete questionnaires and sign a consent form allowing review of medical records by study personnel. Patients were paid nominal amounts for participating, as approved by the governing IRB.
Chart review included abstraction of demographic details, preoperative SIJ pain score, medical history focused on the SIJ and lower back, and procedure details (procedure date, side treated, and adverse events). Charts were also reviewed for postoperative follow-up, including dates of visits, numeric pain scale ratings assessed during the visit, global assessments of health status, the occurrence of SIJ complications and revisions, and the occurrence of new conditions related to the spine and/or hip. Details about revision surgery were not collected.
As per the study protocol, patients completed questionnaires in clinic, over phone or through email. Questionnaires included SIJ pain rating using a numeric rating scale score (0-10 scale), Oswestry Disability Index (ODI, Version 2.0), satisfaction with surgery, and a customized survey consisting of questions related to ability to perform various activities compared with that prior to surgery. There was no interventional aspect to this study, and no imaging was reviewed or analyzed. All questionnaires were administered by study site staff.
Statistical analysis was generic and standard in nature. Continuous variables were analyzed using mean and standard deviation and compared using Student's t-test. Analysis of variance was used to compare continuous variables across categories. Ordinal and nominal values were tabulated and compared with chi-square test or Fisher's test.
Results
One hundred seven patients at seven centers had undergone SIJF prior to the cutoff date and completed surveys. Baseline demographic characteristics are presented in Table 1 . Patient age varied widely (18.6-87.0 years) and a history of perisacral trauma (mostly falls, less commonly motor vehicle accidents) resulting in SIJ pain was common (35 patients, 32.7%). Concomitant spine and hip disease were common, and a large proportion of patients had undergone prior lumbar spine surgical procedures (36.4% had prior lumbar fusion). Lumbar stenosis was more common in older patients; otherwise age was not related to preoperative historical factors. Patients were highly debilitated by SIJ pain, as indicated by high baseline pain ratings (mean 7.5). The duration of pain prior to enrollment averaged 5.9 years (range 0.3-46.0 years). Over half of the patients had undergone prior physical therapy (although it could not be determined whether physical therapy was focused on the SIJ); 1.9% had undergone SIJ steroid injections; and 2.8% had undergone RF ablation of the SIJ nerve root branches. Most patients underwent unilateral SIJF; 2.8% underwent simultaneous 
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Sachs et al bilateral SIJF. One patient underwent concomitant removal of a subcutaneous gluteus lesion in the right buttock (pathology report showed calcinosis with focal ossification). Adverse events related to SIJF were uncommon: one patient had mild ileus postoperatively, one had suture material extending from the wound at a second postoperative visit, and one had an adhesive tape allergic reaction. Five patients had SIJF revision surgery: one patient had early postoperative neuropathic pain related to implant malposition and underwent revision surgery at day 41. Second patient had initial improvement in SIJ pain followed by pain recurrence at month 18; CT scan showed no evidence of bridging bone across the SIJ, possible loosening of the uppermost implant and inadequate placement of the second implant. Third patient had recurrent pain at month 6; CT showed posterior placement of the third implant. The patient underwent a revision surgery through an open approach with placement of bone graft. Fourth patient had little postoperative improvement and CT scan showed inadequate placement of the caudal-most implant. The patient underwent revision surgery ~3.3 years after index surgery and had also undergone L5-S1 lumbar decompression with interbody fusion and pedicle screw instrumentation for lumbar pain. Fifth patient was injured in a motor vehicle accident (T-bone mechanism) ~9 months postoperatively; this patient underwent contralateral SIJF (during which further implants were placed on the original side) as well as a T9 laminotomy and placement of a spinal cord stimulator.
Prospective follow-up assessments were done in the clinic in 64 cases, by phone in 13 cases and through email in 30 cases. Mean follow-up after SIJF was 3.7 years (range 3.0-4.7 years). Mean SIJ numeric rating pain score at follow-up was 2.6, with a mean change of 4.8 points from baseline (P<0.0001, Table 2 ). Eighty-six patients (80.4%) had improvement in SIJ pain from baseline of at least 2 points. Mean ODI in follow-up was 28.2, indicating moderate residual disability.
Satisfaction rate was 87.9% (67.3% very satisfied and 20.6% somewhat satisfied). The proportion of patients who would undergo the procedure again was 83.2% (69.2% would "definitely" and 14.0% would "probably" undergo the procedure again, Table 3 ). Patients reported improvement in ability to perform various activities related to SIJ pain (eg, sitting, standing, walking, ascending, and descending stairs). Improvements in pain scores and final ODI level as a function of baseline potential predictors were evaluated using analysis of variance. No statistically significant relationship was seen between improvement in SIJ pain and a history of prior lumbar fusion, piriformis syndrome, lumbar stenosis, degenerative disk disease, spondylolisthesis, hip osteoarthritis, and workers' compensation status. Smaller changes in mean improvement in SIJ pain (~1.4 points) were seen in smokers vs nonsmokers (P=0.0346). Similarly, ODI at final follow-up was ~10 points higher in smokers vs nonsmokers (P=0.0427).
Improvements in SIJ pain at last follow-up were highly correlated with satisfaction levels, walking compared with prior to surgery, ability to sit for long periods, ability to work, pain medication use, getting in and out of chair, going up and down stairs and getting in and out of a car (all P<0.0001), desirability of having surgery again (P=0.0021), and ability to sleep (P=0.0004). Pain improvements were moderately correlated with final walking status (P=0.0686). Final ODI was also closely related to patient responses to specific SIJ-related questions (Figure 2 ). Twenty-seven (25.2%) patients had non-SIJ lumbar spine or hip-related surgeries during follow-up (eg, lumbar spine fusion, kyphoplasty, and hip replacement) and 26 (24.3%) had nonsurgical procedures related to the spine or hip (eg, rhizotomies, repeat SIJ injection, facet or bursa injections). Patients who underwent subsequent spine or hip surgeries had somewhat smaller improvement in SIJ pain (-4.3 vs -5.0, P=0.2710) and somewhat higher final ODI score (32.9 vs 26.6, P=0.1582). However, satisfaction rates were similar across groups.
Discussion
SIJ dysfunction is an important and often overlooked chronic health condition. It is associated with conditions commonly treated surgically 48 and was diagnosed at all sites on the basis of typical history, physical examination findings, and a confirmatory diagnostic anesthetic block of the SIJ producing acute pain relief. This diagnostic method is commonly practiced in the US, is recommended by specialty societies, [43] [44] [45] [46] [47] and was used in prospective clinical trials. 40, 41, 49 Joint fusion is a commonly performed procedure in modern spine surgery, and evidence to support minimally invasive SIJF 34 comparative case series, [37] [38] [39] and prospective multicenter trials. 40, 41, 49 Revision rates after SIJF are low and have decreased over time. 52 Moreover, intrial health care utilization data from the landmark INSITE (Investigation of Sacroiliac Fusion Treatment) study showed that minimally invasive SIJF is cost-effective compared with nonsurgical treatment. 53 Ignoring the SIJ during workup of chronic low back pain may increase health expenditures due to misdiagnosis and potentially failed lumbar fusion surgeries. 54 Several short-term outcome studies, including a description of operative parameters, have been published. But for two retrospective cohorts, 34, 35 little information is available regarding long-term outcomes after SIJF. In our study, with a minimum follow-up of 3 years, outcomes after SIJF using titanium implants were excellent, with large improvements in SIJ pain and only moderate residual follow-up disability (Oswestry) scores. Mean ODI at follow-up (28.2) in the current study was similar to 12-month values observed in a prospective randomized trial 40 (mean 28.1) and 24-month values in a prospective multicenter single-arm study 41 (mean 30.9). Although, like in most trials of spine surgery procedures/ devices, ODI is not restored to 0 (ie, complete absence of disability related to back pain), our results suggest stability of improved function over time. Self-rated improvement in various activities of daily living associated with chronic SIJ dysfunction was high. Satisfaction with the surgical procedure was high, and most patients stated they would have the procedure again. Improvements in SIJ pain and final ODI values were highly correlated with responses to specific questions about activities of daily living commonly impaired in SIJ dysfunction. Smokers appeared to have somewhat smaller improvements, a finding common in orthopedic trials. 55 This finding might be in sync with similar findings from other fusion procedures. Complications related to SIJF itself were V e r y s a t is f ie d
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Sachs et al uncommon and relatively minor. The reoperation rate was low and mostly related to two factors: symptomatic implant malposition and recurrence of symptoms due to suboptimal implant placement and/or nonunion. Combined with the results from prospective trials, our study indicates that minimally invasive transiliac SIJF with triangular titanium implants is an excellent treatment option for patients with SIJ dysfunction who have failed nonsurgical treatments. Patients in our study (and in our practices in general) were complex, and many patients were subsequently diagnosed with other conditions of the spine or hip and underwent either surgical (25.2%) or nonsurgical (24.3%) procedures for such conditions. It is likely that the same underlying pathology that causes spine disease (eg, trauma or osteoarthritic degeneration) also causes SIJ dysfunction. Although we postulated that final ODI and satisfaction rates would be related to the need to undergo subsequent non-SIJ surgery for these associated conditions, we found only a modest relationship between these factors. However, we do note that the co-occurrence of other spine/hip conditions may result in poorer pain scores, ie, patients with other conditions might experience pain (eg, at Fortin's point) that they attribute to the SIJ, which would result in higher disability scores. Our results may therefore be somewhat conservative respect to overall improvement after SIJF. Importantly, no evidence suggests that these other hip/spine conditions are caused by SIJF. The rates of subsequent surgeries in prospective trials have been low. Moreover, finite element analysis has suggested only minimal increases in adjacent segment motion after SIJF. 56 (Because the SIJ moves only minimally during normal daily life, stabilization and long-term fusion are not expected to increase adjacent stresses.) Taken together, these data suggest that SIJ dysfunction can be identified in clinical practice, and SIJF can be an effective treatment in the long term. However, many patients are complex, with multiple pain sources, and treatment of other lumbar spine conditions remains challenging.
Advantages of our study include its combined retrospective and prospective multicenter design, enrollment of patients in different geographic areas, and various practice types (private, teaching, hybrid, etc). These characteristics enhance the study's generalizability.
Our study is limited by several factors. Our study was retrospective by design and could be subject to biases inherent in this design. Some patients did not participate because of inability to make contact or patient refusal. Although this could have contributed a bias to our results, the directionality of such bias is not known.
Methods to diagnose SIJ pain may have varied across sites and time; however, the diagnostic algorithm is considered standard, and typically included history, findings on at least three physical examination tests that stress the SIJ, and a confirmatory diagnostic SIJ anesthetic block.
Physical therapy is often provided to patients with chronic low back pain, but not all patients in our cohort underwent such treatment. However, there is no high-quality evidence that physical therapy is effective in chronic SIJ pain.
Baseline ODI scores were not available in most patients, limiting our ability to determine per patient improvements in this commonly reported parameter. However, follow-up ODI scores were similar to those reported in two prospective multicenter US trials at 12 months. 40, 57 Residual ODI scores were higher than those reported in studies of degenerative lumbar spondylolisthesis 58 or lumbar stenosis, 59 but whether this reflects patient complexity or effectiveness of SIJF is not known.
We did not perform standardized long-term imaging of the SIJ. In the absence of clinical signs suggestive of implant loosening (eg, failure of SIJ pain to improve after SIJF or pain recurrence), routine cross-sectional imaging of the SIJ may have little, if any, clinical value. One study of the same SIJF procedure showed a high rate of growth across the SIJ at 5 years. 34 Mean follow-up in our cohort was 3.7 years, which represents one of the longest postoperative experiences for this procedure reported to date. However, continued follow-up of such patients may help to define even longer term (5 years) outcomes.
Many patients in our cohort had concomitant spine disease at baseline and a substantial fraction underwent other spine surgeries or interventional spine or hip procedures. Such interventions may have limited improvements in ODI or affected patients' abilities to perform activities of daily living. Our data do not allow us to discern whether the rate of subsequent non-SIJ surgeries was high or low; rather these data reflect the complexity of the patient population. Many patients had multiple pain generators. Whether some patients underwent SIJF when the underlying diagnosis was different could not be determined. However, responses at 3+ years appeared positive and consistent with improvements seen in prospective clinical trials of SIJF.
Patients participating in this study represent the earliest use of the iFuse device; it is possible that with increased experience with the device, both patient selection and technical aspects related to the procedure may have improved. 
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Three-year outcomes of SIJF Finally, we did not collect data regarding opioid use in this study. Prospective trials have shown decreases in opioid use after minimally invasive SIJF. 40, 41, 57 Our study collected outcomes of patients treated through a transiliac lateral approach, with implants designed to resist rotation after implantation (due to the triangular shape) and for biological fixation in bone. Other devices are available to perform SIJF; however, because these devices differ from those we used, it is unknown whether our results are applicable to such devices. Moreover, our results may not apply to other surgical approaches to SIJF, such as direct posterior or combined approaches, allograft-only fusions, distraction arthrodesis using cannulated or hollow screws, or other procedures.
Conclusion
Intermediate-to long-term follow-up after lateral, transiliac SIJF using titanium implants shows durable, clinically important improvements in pain and disability, with high satisfaction rates. Both complication and reoperation rates were low. Improvements may be limited in the presence of concomitant spine disease.
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